LG, Reveiz L. Clinical trial regulation in Argentina: overview and analysis of regulatory framework, use of existing tools, and researchers' perspectives to identify potential barriers. 
Clinical trials are an invaluable tool for health care professionals because they provide evidence on the benefits and negative effects of treatments while accounting for possible random variation and bias. The World Health Organization (WHO) defines a clinical trial as "any research study that prospectively assigns human participants or groups of humans to one or more health-related interventions to evaluate the effects on health outcomes" (1) . Because the nature of clinical trials implicitly requires the participation of patients, the observance of ethical and moral obligations is critical (2) . There is evidence indicating that investigators, sponsors, and scientific journals contribute to bias by selectively submitting or publishing trials with positive or controversial results (3) (4) (5) (6) . Consequently, clinical trial registration acts to enhance transparency, reduce selective reporting and publication bias, and limit duplication of efforts. For these reasons, WHO considers clinical trial registration to be "a scientific, ethical, and moral responsibility" (1) .
Multiple international groups, including WHO, the Ottawa Group (a United Nations Statistical Commission city group), the World Association of Medical Editors (WAME), the World Medical Association (WMA), and the International Committee of Medical Journal Editors (ICMJE), have endorsed registering clinical trials in publically accessible registries before the recruitment of the first patient (1, (7) (8) (9) (10) (11) (12) . While sponsors are responsible for the registration process, investigators have an obligation to ensure that sponsors are complying with this rule of transparency (7) . However, in many cases, registration compliance is low because of minimal legislation, regulation, or enforcement (13) . In some countries there are specific requirements for clinical trial registration. For example, in the United States, Section 801 of the Food and Drug Administration (FDA) Amendments Act of 2007 mandates registration of all phase II-IV trials in clinicaltrials. gov, a publically accessible registry (14) . If not bound by legislation to a specific registry, sponsors may choose to register with the WHO International Clinical Trials Registration Platform (ICTRP) database. This meta-registry consists of 14 "primary registries" (regional and country databases that meet specific ICTRP criteria for content, quality and validity, accessibility, unique identification, technical capacity, and administration, as well as the requirements of the ICMJE) and three "partner registries" (which meet many of the same criteria and must be affiliates of the primary registries or other ICMJE-approved databases, such as clinicaltrials.gov) plus registries working with the ICTRP toward primary registry classification (1) .
In the past few decades, clinical trial recruitment has rapidly increased in low-and middle-income countries. The fastest growth rates for clinical trials are now in the developing world (15) . Latin America has become an increasingly attractive location for international pharmaceutical companies because of high recruitment rates, scant regulation, and access to "treatment-naïve" populations (those that have never been medically treated) (16) . Exponential growth in the number of clinical trials has left Latin American countries scrambling to provide appropriate oversight and regulation and searching for ways to ensure ethical conduct, use, and dissemination of research results. However, the region still needs an easily accessible, ICTRP-compliant primary or regional registry. In 2008, estimates indicated that 30%-40% of clinical trials involved lowor middle-income countries, but only 9.9% of ICTRP-registered studies belonged to this demographic, suggesting a substantial disparity between the number of trials executed and the number of trials registered (17) .
Argentina has been no exception with regard to the phenomenon of clinical trial globalization. By 2008, the country had an average growth rate of 26.9% in the number of new trials occurring annually (15) . It is difficult to determine how many trials remain unregistered, but estimates suggest only 10%−20% of all trials involving humans are currently subject to regulation (18 (21) . This site represents a major advancement in improving compliance with national regulation, protecting participant safety, and ultimately encouraging registration with ICTRP-compliant registries.
The purpose of this study was to identify barriers that may exist for researchers in Argentina in the use of existing tools for clinical trial registration based on an analysis of trials currently registered in international, publically accessible databases and a survey examining the perspectives and attitudes of researchers (investigators, sponsors, and monitors) and policy-makers toward clinical trial registration in Argentina. 
MATERIALS AND METHODS

Inventory of currently registered trials
Survey
A translated and culturally adapted Spanish-language survey 4 based on an English-language questionnaire previously administered in 2007 to researchers participating in internationally registered clinical trials was the main instrument for the interview (22) . Questions were added to address the following types of hypothesized barriers: attitudinal, knowledge, economic, idiomatic, technical, and regulatory. Three separate forward-translations by native speakers of the target language (Spanish) and three separate back-translations by native English speakers were performed. A checklist was used to compare linguistic and conceptual equivalence. Preference was given to conducting the interviews in person, but when necessary interviews were completed by telephone. 
RESULTS
Inventory of currently registered trials
The number of trials recruiting in Argentina has grown substantially in the past decade. According to data from clinicaltrials.gov, Argentina represents 23.0% of South America's recruitment sites. In 1999, clinicaltrials.gov had registered only nine trials with recruitment in Argentina, but as of July 7, 2010, the database showed 1 015 trials as currently recruiting or having recruited in Argentina ( Table 1 ). On that same date, ICTRP showed 1 054 cumulative clinical trials. Because clinicaltrials.gov is an ICMJE-approved registry, all of the trials registered with clinicaltrials.gov can be found through the ICTRP. This suggests that approximately 96.3% of all registrations for trials recruiting in Argentina occur through clinicaltrials.gov.
Foreign sponsors have played a key role in this rapid increase. According to clinicaltrials.gov, as of July 2010, national and international industry funded at least 84.0% of all clinical trials occurring in Argentina (Table 1) 
Survey
This study used data from 27 in-depth, semi-structured interviews conducted with purposively selected national-level researchers in Argentina. A total of 39 individuals were contacted for participation and 29 interviews were conducted, yielding an overall response rate of 74.3%. Two participants were later identified as not fully meeting the inclusion criteria, so their responses were not included in the analysis, resulting in a final population size of 27. Some participants did not answer all of the survey questions. Twenty-one surveys were conducted in-person, three by telephone, and three electronically; 19 participants were investigators or sub-investigators, four were sponsors, and the remaining participants were coordinators, monitors, and protocol evaluators. Participants were asked to identify their primary affiliation as academic, industry, hospital, governmental, or other ( Table  2 ). The authors did not further verify these self-classifications.
Among those interviewed, 63.0% or 17 out of 27 said they had a high or adequate level of knowledge about the recently enacted Resolution 102/2009, and 88.5% (23 out of 26) said they would be willing to use the Argentine registry once it becomes accessible. Most interviewees (70.4% or 19 out of 27) were in direct agreement with the 20 standard item fields required by WHO for registration. Three survey participants (out of a total of 27) supported the addition of more fields to the minimal data set, while five wanted to eliminate some of the required fields. Although 74.0% (20 out of 27 survey participants) were familiar with clinicaltrials.gov, most had very limited experience or were unfamiliar with other existing international registries such as controlled-trials.com (ISRCTN.org) or latinrec.org (Table 3) .
Of the investigators with ongoing trials, 50.0% (8 out of 16) knew the registration status of the trials in which they were currently participating. In total, survey participants were currently managing or overseeing 62 ongoing clinical trials. Based on the questionnaire responses, 37.1% (23) of the 62 trials were registered in a database accessible to the public, 62.9% (39) were not registered or had an unknown registration status, and 24.2% (15) were available in a register that meets WHO ICTRP standards. None of those surveyed were aware of their employer having declined to register a trial or having provided incomplete responses to the required fields for registration. This latter information was based on interviewees' perceptions and thus could not be verified in a systematic manner.
According to the interviewees, language is unlikely to be a significant barrier to trial registration. At least 96.2% (25/26) of those surveyed considered their level of technical English sufficient to search for or register a clinical trial using the existing platforms. None of those surveyed indicated problems using the aforementioned sites due to idiomatic reasons, and 22.2% (6/27) had registered trials in English databases. However, interviewees believed that English language proficiency could be a barrier for Argentine researchers working outside the city of Buenos Aires. The scope of this survey did not allow for analysis of the accuracy of those perceptions. 
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Of the 26 study participants who answered the question about publication/ protocol review requirements, only one had been asked by an ethics review committee for proof of clinical trial registration as a requisite for approval whereas scientific journals required proof of registration for every publication for 26.9% (7 out of 26 participants) and for some publications for 11.5% (3 out of 26 participants) (Table 4 ). According to the study participants, the scope and quality of the journal generally determined whether editors sought such a prerequisite: local journals were unlikely to make proof of registration a requirement for publication whereas internationally based journals were likely to do so.
Although computers and Internet access are ubiquitous in the city of Buenos Aires, limited access to both may be a barrier in some parts of the country. About half of those interviewed (14 out of 27) did not think there were any technical barriers for Argentine researchers, while the other half postulated that technical barriers were not a problem for industry but might pose an issue for public research centers with more recent and less comprehensive acquisition of technology. These perceptions were not based on actual performance assessments of registry use at different locations.
DISCUSSION
Findings from this study suggest that knowledge rather than attitude is the foremost factor impeding registration. Investigators were very unfamiliar with international registration tools other than clinicaltrials.gov. Although many had heard of ICTRP, only a few had used it to search for other clinical trials. Moreover, very few had any knowledge of the registration status of the trials that they were conducting or sponsoring. Because most trials are foreign-sponsored and internationally managed, investigators may feel removed from the process and therefore not responsible for checking the registration status of their trials. Due to this gap between sponsors and researchers, the responsibility for registration sometimes remains in limbo.
However, a very large proportion of those interviewed said they would likely use the Argentine registry once it became available, and a majority agreed with the 20 item fields corresponding to the minimal data set required by WHO. Therefore, stakeholders involved in trial registration should consider using a grassroots educational approach to better inform investigators and sponsors in Argentina about the registration process and requirements. A campaign about the importance of clinical trial registration, particularly the ethical and moral reasons for registering, along with information about current registries and available tools, could help diminish the knowledge barrier, inform sponsors of their obligations, and encourage investigators to act as enforcers.
The clinical trial sponsorship profile in Argentina highlights the difficulties that individual investigator-sponsors face in initiating their own research. Several interviewees indicated an economic barrier in the lack of funding for pre-trial preparations or post-trial conclusions, which suggests that investigators may neglect practices such as protocol development and registration. None of the interviewees indicated having to pay a registration fee, but this is a logical outcome as the majority of interviewees were investigators, who are not responsible for the registration process.
Recommendations
Although the investigator in Argentina will have to apply to ANMAT for approval, with limited funding and training and no compensation for pretrial activities there is little financial incentive for simultaneous registration in a publically accessible database. Therefore, local researchers should be educated through grassroots initiatives about other benefits of registration, such as increased visibility for their research, access to evidence, improved governance of research, opportunities for networking with research groups and individual researchers, and the ability to avoid duplication of efforts. To further build capacity, pre-trial and post-trial proceedings should also be supported. For example, the Comisión Nacional Salud Investiga already offers a research scholarship program that allows investigators to submit protocols for review with the opportunity to receive training on how to better design the study, and eventual funding (following adjustments to the research based on suggested improvements) (24) . This approach may be useful in clinical trial research and would support local investigator-sponsors who undertake registration.
The study results indicated two additional entities in the regulatory process that could act as checkpoints for ensuring registration: local or regional scientific journals, and regulatory bodies such as independent ethics committees (IECs) or institutional review boards (IRBs). While both types of regulatory organizations regularly review the protocol of investigations prior to their submission to ANMAT (25) , there is no overarching protocol or oversight mechanism governing IECs in Argentina other than the ICH and its GCP guidelines (26) . Submission of the name of the ethics committee that has granted approval to the study is a requirement for registration in the national registry (20) . Other countries, such as India, have foregone more formal legislation but have adopted a process of ethics committee approval in which the final stage of review is contingent upon registration (3, 27) . Likewise, the standard operating procedure advocated by the Pan American Health Organization (PAHO) Ethics Review Committee includes registration with an approved registry prior to ethics committee approval (28) .
Local and regional scientific journals could adopt positions similar to those held by the ICMJE and the WAME. In 2005, when the ICMJE first enforced its registration policy, the number of trials submitted to clinicaltrials.gov almost doubled (increasing from 13 153 to 22 174) within one month (12) . Adopting a similar strategy in Argentina could produce an additional regulatory safety net to capture local trials conducted by research teams that do not aspire to publish their results in the more prestigious journals for which registration is mandatory. Meanwhile, support from local scientific journals will help to contribute to a culture that promotes and fosters clinical trial registration.
To further integrate clinical trial registration into the regulatory environment, international and national registration should be included as a criterion for ANMAT approval. ANMAT could monitor compliance with this requirement at the level of the aforementioned IRBs or IECs or through a separate checkpoint mechanism. Another legislative option would be the adoption of a law requiring registration of all phase III trials with a WHOcompliant (primary or partner) registry or an ICMJE-accepted registry, a measure already implemented in Brazil (29) .
Limitations
This study had several limitations. First, the analysis of clinical trials registered with ANMAT from 1994 to 2006 only considered the number of trials (i.e., the trials were not individually identified), which precluded the opportunity to determine the amount of overlap between trials regulated by ANMAT and those searchable through ICTRP (some trials searchable through ICTRP could be trials not regulated by ANMAT, such as non-pharmacological interventions or educational studies). Second, for the survey portion of the study, the sample size was relatively small, the majority of survey participants (70.4% or 19 out of 27) were either investigators or sub-investigators, and all but two worked in the city or province of Buenos Aires. Third, many of the survey questions were qualitative, categorical, or open-ended (eliminating the possibility of detailed statistical analysis) and required self-evaluation by the interviewees that could not be confirmed by the authors (e.g., the question about English-language skills). Similarly, the authors could not evaluate all interviewee perceptions, such as those about potential technology or language barriers for researchers outside the city of Buenos Aires.
Conclusion
Like many countries in Latin America, Argentina has experienced a rapid increase in the number of clinical trials recruiting patients within the country over the past decade. Although the country has taken the first step toward supporting clinical trial transparency with the creation of its Database for Clinical Pharmacology Studies, the results of this study indicate that much remains to be done to achieve universal compliance in registration.
Analysis of clinical trials present in the ICTRP database suggests that less than half of the trials regulated by ANMAT are registered in international, publically accessible registries. In addition, researchers interviewed in the survey displayed a lack of knowledge about the importance of registration and the implications of failing to register a clinical trial. While it is important to promote the registration of clinical research (particularly clinical trials) as part of national research policy, the current percentages of internationally registered trials and the responses of the participants in the current study suggest that such measures have not been enough to achieve significant change in Argentina.
To achieve universal compliance, the primary targets of intervention should be individuals and independent institutions. Argentina stands to benefit most by concretizing its developing regulatory and ethics system. Because foreign sponsors manage and register trials abroad, local investigators and sponsors lack knowledge and firsthand experience with the registration process and regulators lack the data that is needed to better inform oversight and monitoring of research within the country. Stakeholders involved in clinical trial registration should seek to promote registration compliance by taking the following steps:
• Building capacity by implementing a knowledge campaign aimed at local investigators and sponsors, and supporting locally initiated and sponsored clinical trial research; and • Helping local and national scientific journals adopt ICMJE or WAME standards.
Integrating clinical trial registration into the Argentine regulatory environment from the ground up will encourage the solidification of ethical practices in clinical trials, facilitate research gover-nance, and promote a culture of transparency embedded in the overarching legislative and regulatory environment of Argentina.
The challenge faced by Argentina is not unique; all countries should strive for clinical trial transparency and more stringent regulation. As this study suggests, achieving universal compliance may require more than the implementation of a national policy. Making sure that local investigators, sponsors, and institutions are aware of the consequences of publication bias and selective reporting will prove critical to advancing the universal goals of evidence-based medicine.
Objetivo. Examinar y analizar el marco normativo del registro de ensayos clínicos, el uso de los instrumentos existentes (bases de datos de registro nacionales o internacionales de acceso público), y las perspectivas de los investigadores para determinar posibles obstáculos al cumplimiento del registro por los patrocinadores y los investigadores en la Argentina. Métodos. Se realizó una búsqueda en el sitio web clinicaltrials.gov y en la Plataforma Internacional de Registro de Ensayos Clínicos (ICTRP) de los ensayos clínicos registrados en el ámbito internacional que reclutan pacientes en la Argentina y los resultados se compararon con los ensayos clínicos incluidos en el registro de acceso público de la Administración Nacional de Medicamentos, Alimentos y Tecnología Médica (ANMAT). Se elaboró un cuestionario que abordaba los hipotéticos obstácu-los relacionados con la actitud hacia el registro y el conocimiento de este, así como obstáculos idiomáticos, técnicos y económicos que podrían desalentar o dificultar el registro de los ensayos clínicos, y se llevaron a cabo entrevistas semiestructuradas exhaustivas en una muestra de investigadores seleccionada para este fin (investigadores clínicos, patrocinadores y monitores) en la Argentina. Resultados. Se obtuvo una tasa de respuesta de 74,3% (n = 29) y finalmente se analizaron 27 entrevistas. Los resultados sugieren que la proporción elevada de ensayos clínicos con patrocinadores extranjeros o los ensayos multinacionales (64,8% de los protocolos aprobados por la ANMAT entre 1994 y el 2006) pueden contribuir a una deficiencia de comunicación entre los investigadores locales y los funcionarios administrativos ubicados en el extranjero. También se identificaron como factores limitantes para los investigadores y los patrocinadores locales la falta de conocimiento de los recursos internacionales disponibles para el registro y el escaso reconocimiento de la importancia del registro. Conclusiones. Para aumentar el cumplimiento y promover el registro de los ensayos clínicos en la Argentina, las autoridades sanitarias nacionales, los patrocinadores y los investigadores locales podrían adoptar las siguientes medidas: ejecutar una campaña educativa para mejorar la reglamentación de los ensayos clínicos, apoyar los ensayos clínicos iniciados por investigadores o patrocinadores locales, y promover el cumplimiento de las normas del Comité Internacional de Editores de Revistas Médi-cas (ICMJE) o la Asociación Mundial de Editores Médicos (WAME) por parte de las revistas científicas locales y regionales.
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